The Toxicity of Pael-R Is Relatively Selective stream activating sequence (UAS) for the yeast trantoward DA Neurons scription factor GAL4, and a GAL4 line, which expresses We next examined the effects of expressing Pael-R GAL4 in a tissue-and cell type-specific pattern. In the ubiquitously in all the differentiated neurons of the fly progenies resulting from a cross between these two nervous system using the strong UAS-Pael-R line and lines, Pael-R is expressed in the same tissue and cell the panneuronal driver elav-GAL4 (Lin and Goodman, type where GAL4 is expressed. 1994). Western blot analysis on adult fly heads showed Multiple independent UAS-Pael-R transgenic lines that the amount of transgene-produced Pael-R protein were generated through P element-mediated germline per milligram of brain tissue in elav-GAL4 /UAS-Pael-R transformation. To assess the levels of Pael-R expresflies is 45%-55% that of endogenous Pael-R protein in sion in these different transgenic lines, we crossed these mouse brain (see Supplemental Figure S2 at http:// UAS-Pael-R lines to the scabrous-GAL4 line, a strong www.neuron.org/cgi/content/full/37/6/911/DC1). TH im-GAL4 driver line that directs transgene expression in munostaining revealed that, similar to that observed in the precursor cells and their differentiated progenies in Ddc-DAL4 driven transgenic flies, the number of DA the central and peripheral nervous system. Resulting neurons in the DM clusters is also reduced in elav-GAL4 transgenic embryos were examined for transgene exdriven transgenic flies (12.0 Ϯ 1.7; Figure 2B ). pression by immunostaining with antibodies against We then analyzed other neuronal types to see if they Pael-R. Of ten independent transgenic lines analyzed, are also affected after panneuronal expression of four give detectable expression of the Pael-R protein as Pael-R. Figures 2E and 2F) . We have targeted Pael-R expression in the eye at different stages of eye development using the elav-, sevenless-, gmr-, and eyeless-GAL4 lines. In all four cases, Pael-R-expressing flies had normal eye morphology and retina structure. Similarly, no phenotype was observed when the dpp-GAL4 and 24B-GAL4 lines were used to express Pael-R along the anterior-posterior boundary of imaginal discs and in muscle cells, respectively.
The only phenotype outside of the nervous system was observed when we used the apterous-GAL4 line to direct Pael-R expression. apterous-GAL4 is expressed in several larval imaginal discs including the dorsal mesothoracic and metathoracic discs. In newly eclosed flies from a cross between the apterous-GAL4 and the strong Pael-R lines, body fluids leaked from two spots located in a bilaterally symmetric fashion on the dorsal thorax at the junction between the notum and scutellum. The fluids quickly solidified and formed two dark patches adhering to the cuticle ( Figure 3B ). This phenotype is 
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3E). Expression of the human Parkin protein alone using
Human Parkin Promotes the Degradation of Pael-R in a Neuronal Cell Type-Specific Manner the Ddc-GAL4 driver did not affect the number of DA neurons in the DM clusters ( Figure 3F ).
We wished to gain further insights into the interaction between human Parkin and Pael-R at the molecular and When human Parkin and Pael-R were coexpressed using the apterous-GAL4 driver, the thoracic toxicity of cellular level. For this purpose, we performed immunohistochemical analysis of human Parkin and Pael-R proPael-R was also suppressed and no dark patches formed on the dorsal thorax ( Figure 3C We then tested whether DA neurons have the capacity to degrade Pael-R in the presence of human Parkin. We processes represents its association with synaptic vesicles ( Figures 4D-4F ). This is consistent with earlier findcoexpressed these two proteins in cultured DA neurons using the Ddc-GAL4 driver. Similar to that observed in ings in mammalian cell culture (Kubo et al., 2001).
We next examined the interaction between Pael-R elav-GAL4 neuronal culture described above, in younger cultures (1-2 days old) Pael-R and Parkin showed coloand human Parkin when they were coexpressed in postmitotic neurons under the control of the elav-GAL4 calization, and in most Ddc-GAL4-expressing neurons (27/31), the level of Pael-R was similar to that observed driver. In 1-or 2-day-old neuronal culture, Pael-R and Parkin showed colocalization, and in most neurons (135/ in neurons expressing Pael-R alone ( Figures 5E and 5F ). But in older neuronal culture (4-6 days), Pael-R protein 154) the level of Pael-R protein was similar to that observed in neurons expressing Pael-R alone (Figures 5A level was markedly reduced in most Ddc-GAL4-expressing neurons (21/29; Figure 5H ). In contrast, control neuand 5B). In 6-day-old culture, however, the majority of these neurons (172/235) showed a significant reduction rons expressing Pael-R in the absence of Parkin showed 7A and 7B) . Some of the accumulated Pael-R protein The acceleration of DA neuron degeneration after dParkin RNAi could be due to defects in the turnover or was unevenly distributed ( Figure 7D ). Thus, interfering 
